Objective: To report a successful attempt of peripheral nerve field stimulation (PNFS) in preauricular area to treat refractory chronic migraine (CM). This article focuses on novel utilization of PNFS and discusses its existing issues. Case report: A 35-year-old woman diagnosed with CM complained about a 2-year history of severe pain at the occipitocervical and left auriculotemporal area, sometimes bilaterally, which did not benefit from conventional medical therapy. After failed attempts of occipital nerve stimulation and PNFS at the retroauricular area, we used exploratory PNFS at the preauricular area, which to our knowledge is the first reported case in literature, to such an area in refractory CM. The patient experienced satisfactory pain relief and obvious improvement in quality of life. And the amelioration on the severity of pain was validated by reduced scores (from 9 to 2) on the numerical rating scale. The clinical effects continued in the next 2-year follow-up after the implantation, without adverse events. Conclusion: PNFS is a promising and safe neuromodulation therapy for refractory CM. Facial areas like preauricular region are applicable for lead implantation. Nevertheless, the underlying mechanisms are still unverified, and there is still a lack of standardized operation guides of PNFS. Large-scale randomized clinical trials should be conducted to further validate these findings.
Introduction
Migraine is a common neurological disease that occurs frequently among young people, with the global morbidity around 12%. It is also ranked third in the burden of disease according to the 2010 global survey. 1 About 2.5-3.0% of patients with migraine show an increasing number of attacks per year, indicating a "chronic" trend. 2 Chronic migraine (CM) accounts for about 8% of the total number of migraine sufferers, with a morbidity of 1-2%. 3, 4 Research has shown that compared with episodic migraine patients, the quality of life of the patients with CM was lower; the medical treatment frequency, higher; time of hospitalization, longer; the drug abuse, more obvious; and the economic burden, higher than patients with paroxysmal migraine. 5 The treatment for CM is dominated by prophylactic and therapeutic drugs. For intractable CM that does not benefit from drug treatment, multiple multicenter randomized controlled studies have shown that peripheral nerve electrical stimulation (occipital nerve stimulation; ONS) is effective. [6] [7] [8] Peripheral nerve field stimulation (PNFS), also known as the subcutaneous stimulation (SubQ), is a newly emerging therapy for chronic pain in recent years. 9 Unlike spinal cord stimulation (SCS) where leads are placed in the epidural space, leads of PNFS are placed into the subcutaneous tissue in the area of pain, thereby subcutaneously stimulating the peripheral nerves and their endings in the corresponding region to reach the spinal cord through the sensory afferent fibers and achieve analgesic effects.
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PNFS is mainly used for lower back pain, failed spinal surgery, head and face pain, and as an adjuvant therapy to SCS. For craniofacial pain, the location of the electrodes is mostly at the supraorbital, infraorbital, and occipital areas.
To the best of our knowledge, this is the first case report of PNFS applied successfully at the anterior auricular area for the treatment of ONS-ineffective CM. The detailed case report follows.
Clinical material Case report
A 35-year-old policewoman came to our pain treatment center with the complaint of a 2-year-long history of headache resulting from childbirth. The pain presented as persistent distention and pulsating pain at the occipitocervical region and left auriculotemporal area, sometimes extending to the contralateral area. The pain was aggravated by menstruation and fatigue, and partly relieved by some rest. When the headache was severe, it was often accompanied by nausea and vomiting, without photophobia, phonophobia, or aura. The patient reported visual analog scale (VAS) scores of between 7 and 9. There was no obvious tenderness and hyperalgesia in the head and cervical paravertebral skin. Moreover, no obvious abnormalities were seen in head CT, cervical MRI, electroencephalogram, cervical vascular ultrasound, local cerebral blood flow imaging and so on, so we ruled out some organic lesion causes.
Treatment process
According to clinical symptoms and examinations, we diagnosed this case as CM without aura. 11 The patient successively took variety of drugs, such as NSAIDs ibruprofen and celecoxib, flunarizine (maximum dose up to 20 mg/day), zomixetam, antidepressants and so on, which unfortunately were ineffective. Traditional Chinese medicine and acupuncture also did not bring benefits. Selective nerve block and radiofrequency pulse therapy at the occipital nerve, stellate ganglion, and pain point also did not achieve satisfactory clinical effects.
ONS was also performed. The lead (Pisces-Octad ® lead, Medtronic Inc., Minneapolis, MN, USA) was punctured into the skin at the posterior occipital region at level C2, and implanted into the left mastoid in a horizontal direction. However, the patient only reported partial relief in the occipitocervical region and no improvement in the auriculotemporal region during the trial period. Subsequently, we decided to try PNFS therapy at the pain area based on discussions with and the permission of the patient. PNFS procedure: The lead was led upward along the hairline of the left ear, and then to the temporal part through the tip of the ear, which was the patient's pain area (also known as "pterion"). However, the patient was dissatisfied with the analgesic effect of the procedure in the following 1-week trial period. Hence, we tried another time to remove the lead from the front of the left ear to the upper part of the mandibular joint (Figures 1 and 2 ).
During the next 14-day trial period, a satisfactory analgesic effect was achieved. Pain in the temporal and occipital region was significantly relieved, reflected by VAS scores decreased by >50% (parameters: pulse width, 330 μs; frequency, 35 Hz; current, 1.98 mA). Ultimately after the trial, the patient decided to undergo permanent implantation. The stimulator (PrimeAdvanced ® neurostimulator, Medtronic Inc.)
was placed in the left posterior thoracic-axillary area. Postoperative radiographs confirmed appropriate electrode placement ( Figure 3 ).
Follow-up
We conducted follow-up evaluations at 3, 6, 12, 18, and 24 months after PNFS. The patient reported an obvious decrease on the numerical rating scale and continued to have approximately 50% pain relief ( Figure 4 ). Apparent improvements on the onset, duration of the headache, and the impacts on daily life were also observed based on the feedback of the patient. The stimulation mode of IPG changed from continuous stimulation to intermittent mode 6 months after the implantation. The patient only needed stimulation around the time of menstruation. Furthermore, only under extreme circumstances did the patient need to take the adjuvant medications such as ibuprofen. Two years postimplantation, the baseline pain level fluctuated between 0 and 2, and the exacerbations were easily controlled.
Discussion
There is quite a lot of research reporting that neuromodulation, such as with SCS and ONS, can be beneficial for refractory CM. [12] [13] [14] [15] [16] [17] [18] Furthermore, the application and clinical effects of trigeminal nerve stimulation, transcranial magnetic stimulation, vagus nerve stimulation, and cerebellar stimulation, etc., are also under study and being explored. 8 Different from SCS where electrodes are placed in the epidural space, and also unlike peripheral nerve stimulation (PNS) where electrodes are placed near a specific peripheral nerve, PNFS therapy does not target specific nerves that dominate the corresponding pain area. Instead, the electrodes are placed in the center of the pain region to stimulate the affected nerve in the area, including the skin sensory afferent nerves and segmental spinal nerve branches. 19 PNFS is different from SCS and PNS in terms of therapeutic mechanisms, clinical application, characteristics, key points of operation, and parameter settings. The mechanism of PNFS in the treatment of CM At present, the mechanisms of CM are still unclear. It is currently accepted that it may be related to abnormal pain regulation, central sensitization, cortical hyperactivity, and neurogenic inflammatory response. As for the chronicity of migraine, it is a gradual process: recurrent headaches lead to the activation of the trigeminal vascular system and the weakening of the function of the brain stem descending inhibition system, resulting in increased cortical excitability, ultimately resulting in repeated episodes of pain. 20 The mechanisms of PNFS treating pain are also unclear. Similar to SCS and PNS, it is believed to be based on the "Gate theory" put forth by Melzack and Wall, 21 which suggest that by stimulating the myelinated A fibers, the glial inhibitory interneurons (SG cells) are stimulated, thus closing the gate and inhibiting the activity of the dorsal horn projecting neurons (T cells), and subsequently inhibiting the transmission of nociceptive information to the high center to alleviate pain. In addition to these effects on the segmental regulation of the spinal cord, some researchers believe that PNFS may also affect the descending pain modulation system of the upper central nervous system by stimulating the subcutaneous electrode, thus exerting an analgesic effect. In addition, some studies have shown that local electrical stimulation can reduce the inflammation of the cutaneous nerve fibers, depolarizing the cell membrane, and reducing the sensitivity of catecholamine in the blood. [22] [23] [24] Moreover, the possible mechanisms for PNFS also include influencing the excitability of the receptors and tissues in the pain area; affecting the local blood circulation; regulating the level of neurotransmitters; affecting the conduction of the spinal and thalamus pathway; and affecting the sympathetic efferent function. 25 Although there is no unified conclusion on the mechanisms of PNFS, most researchers believe that PNFS may impact the endogenous enkephalin level, thus changing the threshold of nociceptive sensation in the target area. Therefore, further research into its basic mechanism is needed. 26, 27 Perhaps one of the most important reasons for successful PNFS treatment for CM, in this case, is because of the patient's sufficient trust and active compliance during the treatment period. Regards the underlying mechanism, it may be that the relatively thin muscle fibers in the temporal to anterior auricular area made it easier for the electrode to stimulate the nerve branches in the superficial fascia. The therapeutic target of PNFS is the sensory afferent nerve in the subcutaneous tissue of the pain area. It is well known that the primary neuron of neuralgia and the thermal perception of the head and face are both attributed to the trigeminal ganglion; its anatomical position is the trigeminal nerve track in front of the petrous bone tip of the temporal bone, going through the nucleus of the trigeminal tract, and finally projecting to the dorsalventral nucleus of the dorsum thalamus. The location of our electrode is very close to the trigeminal ganglion, which may explain its mechanism of improving pain in the two regions of the temporal and occipital areas.
ONS likely yielded unsatisfactory curative effects because of the long-lasting moderate-to-severe headache induced by the patient's extended massage to the neck and occipital muscle, which increased the tension of the occipital muscle, and inhibited the sensitivity and excitability of the afferent nerve fiber of the occipital nerve.
Clinical application of PNFS
PNFS is currently used in head and neck or occipital pain, trunk or medial axis pain, and stubborn pain in the limbs. D'Ammando et al 28 36 found that thoracic SCS did not achieve satisfactory effects on type I complex regional pain syndromes patients that underwent appendectomy, whereas PNFS attained >90% analgesia.
Advantages of PNFS
Compared with SCS, PNFS can reach areas that SCS cannot, such as the cranial nerve innervation area. Compared with PNS, PNFS can target pain areas that were not innervated by specific nerves. Besides, when the pain area is local, PNFS can accurately stimulate the pain area and is relatively easy to operate, with lesser trauma. 9 
Operation points of PNFS
The electrode of PNFS is placed in subcutaneous tissue. If the electrode is implanted in a too shallow location such as the dermis, it may cause burning or needling pain. Nevertheless, if the implantation is too deep, such as into deeper tissue, it may not achieve satisfactory treatment effects. If the electrode is implanted into the muscle, it may cause discomfort and affect the patient's motion. Besides, an unfavorable electrode position may also cause muscle spasm. Currently, there are few studies on precautions to be taken in PNFS operation, which require further standardized key points of operation. 37, 38 In addition, we found that compared with SCS and PNS, literature reports on PNFS are mainly clinical case reports, and the large sample randomized clinical trials (RCTs) and related basic mechanisms are rarely studied, which provides us with future research direction.
Conclusion
The application of PNFS is very extensive. It is a choice for intractable CM characterized by temporal pain that can achieve ideal clinical effects and is still safe. However, the current circumstances call for advanced related mechanisms study, standardized operation guides, and large sample RCTs to promote the application of PNFS.
To the best of our knowledge, this is the first case to report on PNFS being successfully applied to the preauricular area to treat refractory CM, which was unresponsive to previous ONS treatment. We believe the details of this case report could provide a potential novel approach for the application of PNFS.
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